INTRODUCTION

Paraquat
(1, 1'-dimethyl-4, 4'-dipyridylium chloride) is a non-hormon, non-selective herbicide. In Japan, paraquat was registered as an agricultural chemical in 1965. However, since paraquat is widely used because of its superior herbicidal effect, many people have died through accidental, suicidal or homicidal ingestion of paraquat, and the number of dead has increased every year. In order to reduce the number of accidental poisonings caused by doses or mis-ingestion, emetics, blue azo dye and specific odor substances were added to paraquat preparations in 1979, 1982 and 1985, respectively1 
Methods 1) Removal Capacity of Paraquat
The removal capacity of each of the forty materials was determined in vitro. Five hundred prepared according to the method described in the Japanese Pharmacopoeia". After extraction using a Sep-Pak C18 cartridge for the filtrate12), the paraquat concentration was measured photochemically according to the method of Calderbank and Yuen13).
2) Removal Rate of Paraquat
Five grams of adsorbent were placed in one liter of a stirred paraquat solution (ca. 800mg/l). Five milliliters of the suspension were taken up at regular intervals, and the paraquat concentration was measured.
RESULTS AND DISCUSSION Table 1 shows the paraquat removal ratios of fifteen types of carboneous materials. Table 2 shows the removal ratios of ten types of zeolites and molecular sieves, and Table 3 shows the ratios of fifteen kinds of cation exchange resins and other materials. The removal ratio of activated carbon was 22.91-42.14%, and that of bone charcoal was 10.61-23.13%.
Capacity for Removal of Paraquat by Various Removers
Although we tried to correlate the removal ratio and physicochemical properties of activated carbon, no correlation was found. In the case of zeolite or molecular sieves, the removal ratios were indicated as 2.25-29.24%, and their values were lower than that of activated carbon. It seems that the removal ratio of paraquat is relative to pore size of the zeolite or the molecular sieve. When cation exchange resins including kayexalate were used, the removal ratios were higher than those of the activated carbon, bone charcoal, zeolite and molecular sieve. It was shown to be 82.45-98.57 %. The removal ratio of vitachange, which is used for the measurement of vitamin B1, was 51.77 %. This value is also higher than that of activated carbon. In the cases using alumina gel and silica gel, the removal ratio was the same as that of the synthetic zeolite and the molecular sieve. The Table 1 Removal Ratio of Paraquat by Carboneous Adsorbents. Although zeolites and molecular sieves have been used in paraquat removal on the basis of the fact that paraquat is inactivated by contact with clay in the soil4). It was found that the removal ratio was affected by the pore size of the zeolite or the molecular sieve, and using vitachange, a kind of synthetic zeolite, the removal ratio was also affected by the particle size of the remover.
In recent years, sodium polystyrene sulfonate (kayexalate, kalimate) has been used for the treatment of paraquat poisoning9,10), however, it has the drawback that the electrolyte balance of the body fluid is disrupted14,15). removal ratios were small. In the case of vitachange (No. 32), the paraquat concentration decreased in the first 5 minutes; however, the subsequent paraquat concentration gradually increased. After 60 minutes of elapsed time, it reached a plateau. Aluminum silicate (No. 36) also showed the same tendency. These phenomena of decreases and then increases in the concentration of paraquat are explained by ion exchange action that occurs between vitachange or aluminum silicate and the paraquat cation. It is considered that the binding force is weak and the cation which was exchanged is recombined.
In the cases using cation exchange resins, the paraquat removal rate was faster than with any other remover;
i. e., No suitable antidote has been found for the treatment of paraquat poisoning. Therefore, it is a key point that paraquat be excreted as rapidly as possible. At present, gastrointestinal lavage, administration of an adsorbent, forced diuresis and blood purification have been performed.
In this investigation, we tried to evaluate paraquat removal using forty kinds of materials.
A small amount of fundamental study has been done on paraquat removal. Okoneck, et al.5) proposed activated carbon as a suitable adsorbent. Donald, et al.8) proposed cation exchange resin. The results from our investigation show that cation exchange resin was a suitable remover from the standpoint of removal ratio and rate. But, because of its poor selectivity, it causes an electrolyte imbalance in the body fluid. With some surface modification, activated carbon has the possibility of removing greater amounts of paraquat17,18). We will discuss this subject at a later time.
SUMMARY
An evaluation of adsorbent for the treatment of paraquat poisoning was performed.
Forty kinds of materials (activated carbons, zeolites, molecular sieves, cation exchange resins, etc.) were used as removers, and the removal ratios and removal rates in vitro were discussed. The results show that cation exchange resin had a high removal ratio and rate. It was concluded that the removal rate of paraquat 
